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PRODUCTION OF RECOMBiNANT SECRETORY COMPONENT 

The current invention relates to a new form of a recombinant secretory component (rSC), 
obtainable from a recombinant Chinese Hamster Ovary (CHO) cell line, that can be 
crystallized and. hence, is susceptible to systematic studies of its 3-dlmensional structure. 
The crystailisable form may be used directly (e.g. to stabilize Immunoglobulins) or Indirectly 
(e.g. via the derived structure) for lead finding, screening and binding studies. 



In vivo, the secretory component (SC) is synthesized as the extracellular part of an integral 
membrane glycoprotein of specific cells which are responsible for the transport of polymeric 
ImmunoglobuMn (Ig) to external mucosal surfaces. Such cells include epithelial cells found 
in several tissues including those in the lining of the respiratory, gastrointestinal, biliary and 
urogenital tracts and in the salivary, lacrimal, and mammalian gland and also hepatocytes. 
This membrane protein is termed polymeric immunogobulin receptor (pIgR) and specifically 
binds polymeric IgA (poly-lgA) and IgM (poly-IgM) on the basal side of the cells. During 
transport of the pIgR/poly-lg complex from the basal to the apical (extracorporal) side of the 
cell, the pIgR Is cleaved thus forming the SC. Most of the SC is released from the cell as 
part of the SC/poly-lg complex, but also free SC is found in external secretions. In the 
SC/poly-lg complex, SC is thought to stabilize the quaternary structure of poly-lg and to 
Increase resistance of the complex to various proteolytic enzymes. This resistance, for 
example to digestive proteases, is an Important if not essential prerequisite for the 
protective function of secretory immunoglobulins. 



Accordingly, SC usually occurs in three molecular forms: 

- as a membrane protein on the surface of epithelial cells and hepatocytes; 

- as a component chain of secretory IgA and soluble IgM; and 

- as a free glycoprotein In several external secretions. 



Based on cDNA (SEQ ID N0 1 ), the deduced amino acid sequence of human pIgR (SEC ID 
NO 2) has a length of 764 residues and shows overall similarity of 56% and 64% with the 
rabbit and rat counterparts, respectively (Krajci et ai. Human Genetics (1991). 87, 642- 
648). Free SC isolated from human milk is a 78-kDa single chain glycoprotein with a 
content of up to 20% carbohydrate. The primary sequence analysis indicates that SC 
consists of five domains, each approximately 100 amino acids in length. These domains 
are homologous in size and sequence to the domains characteristic of the immunoglobulin 
superfamily of proteins. 
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As described above. pIgR mediates the transport of IgA and IgM into mucosal secretions. 
These mucosal antibodies are of enormous importance in the immune response. They are 
capable of inactivating pathogens that have not yet entered the body and those that do not 
enter the body but which cause disease by secreting toxins which are talcen up by the body. 
Accordingly, antagonists and, preferable, agonists of SC are of great phamiaceutical value 
for the modulation of mucosal immune response. 

For effective drug design it is important to icnow the 3-dimensional structure of a receptor. 
Despite various efforts, neither the pIgR nor native SC have been crystallized successfully 
yet 

The glycosylation pattern of a recombinant glycoprotein, such as rSC, Is determined by 
certain ill-understood determinants in the amino acid sequence of the protein, and by the 
availability of competing processing enzyme activities which determine the final structure of 
the glycans. Thus different glycosylation variants, termed glycoforms, of the same 
polypeptide can be produced by different cell lines, depending on the distribution of 
competing oligosaccharide processing enzyme activities in these cell lines. The type of 
glycosylation of the glycoprotein influences functional and structural parameters of the 
protein. For example, glycosylation often enhances stability of the polypeptide in the 
presence of proteolytic enzymes. On the other hand, substantial glycosylation. as 
especially in the case of SC, often interferes with attempts to crystallize the protein. 

Recombinant glycoproteins expressed in CHO cells are known to contain carbohydrate 
chains terminally substituted with sialic acids. The most prominent sialic acids, a 2-3-linked 
N,0-acetylneuraminic acids (NeuAc) arid a 2-3-linked N-glycolylneuraminic acid (NeuGc), 
are present in a ratio of about of about 97:3 (Hokke et aL FEBS Lett. (1990). 275, 9-14). 
The occurrence of N-acetylneuraminate mono-oxygenase (EC 1.14.99.18) activity, 
responsible for conversion of CI^P-Neu5Ac into CMP-Neu5GC acting as precursor for 
incorporation of NeuSGc in the glycoprotein, has not been demonstrated to come to 
expression in nonnal adult human tissue. Extensive studies have shown that when normal 
adult humans are exposed to sera of animal species, immunogenic responses may occur. 
The so-called Hanganutziu-Deicher (serum sickness) antibodies are directed towards 
glycoconjugates containing terminal NeuSGc. a2-3-linked to p-Gal. Surprisingly we found 
that CHO SSF 3 cells incorporates NeuGc in the carbohydrate chains of rSC in amounts 
much lower than thus far observed for a typical glycoprotein produced by any other CHO 
cells. The ratio of NeuGc for rSC produced in CHO SFF3 cells was below 0.25% of total 
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Sialic acid whereas a typical recombinant glycoprotein produced in CHO cells contains 
about 3%. The reduced content in NeuGc. usually not present in human glycoproteins, 
makes rSC produced by CHO SSF 3 cells more human-like and thus less antigenic and 
safer for human applications. 

A further surprising fact is, that it is possible to produce glycoforms of recombinant SC 
(rSC), which are both active in binding polymeric immunoglobulin and can be crystallized. 
The inventive glycosylated rSC can be crystallized, e.g., by the 'hanging drop method' and 
provides an ideal starting point for the evaluation of the 3-dimensional stmcture of SC and 
facilitate the search for SC antagonists and. preferably, SC agonists including muteins of 
the SC polypeptide itself. 

Detailed description of the tnventinn 

The current invention relates to a recombinant secretory component (rSC) or a functional 
fragment thereof, obtainable by a process comprising culturing a CHO SSF 3 cell 
transfected with a vector comprising a DNA coding for said secretory component or a 
functional fragment thereof, and isolating the expressed protein from the culture medium. 

The rSC as defined above has, for example, a content of N-glycolylneuraminic acid 
(NeuGc) that is below 0.5% in respect to total sialic acid. Hence, the inventive rSC exhibit 
for example, decreased antigenicity in human. 

The inventive process preferably comprises the following steps: 

a) constructing a vector capable of expressing the secretory component or a functional 
fragment thereof; 

b) transfecting a CHO SSF 3 cell with said vector; 

c) culturing the transfected cells; and 

d) isolating the secretory component or a fragment thereof from the culture medium. 
Secretory c omponent (SC) 

The pIgR is a receptor capable to bind to poly-lg. especially IgA and IgM. Human pigR 
usually has nucleotide sequence as depicted in SEQ ID NO 1 , and an amino acid sequence 
basically as depicted in SEQ ID NO 2. The pIgR is cleaved during transport of the 
pIgR/poly-lg complex from the basal to the apical (extracorporal) side of the cell thus 
forming the SC. A functional fragment of rSC is a derivative of pIgR that has one or more 
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amino acid deletions or modifications, that is capable of binding to poly-lg. especially poly- 
IgA, and/or that reacts In the presence of antagonists and. preferable, agonists comparable 
to natural SC. A preferred fragment Is, for example, a soluble fragment that lacks a 
membrane anchoring domain that resides, e.g.. between amino adds 639-661 of the pigR, 
and/or the Intracellular C-termlnal domain between amino acids 662-764. Especially 
preferred are fragments as depicted In SEQ ID NO 3 and SEQ ID NO 4. 

The ON A fragments coding for said rSC or the fragment thereof may be modified, e.g.. in so 
far as to adapt the codons to the preferred codon usage of the host, or the DNA sequence 
immediately in front or behind of the coding sequence may be modified in order to enhance 
the transcription, stabilize the mRNA produced, or to ease the genetic modifications. e.g.. 
by an insertion of restriction sites. 

ptasmlds 

The DNA coding for the secretory component or a functional fragment thereof, as described 
above, usually is comprised in a polypeptide expression cassette capable of expressing 
said DNA. In a preferred expression cassette according to the invention, a promoter is 
operably linked to said DNA that Is transcribed under the control of this promoter, and to a 
terminator. 

The promoter can be of almost any origin. It is for example possible to use a tightly 
regulated promoter or the promoter that is naturally adjacent to said DNA. Preferred are 
promoter that are active in CHO cells like viral promoters such as the 'eariy' promoter of 
SV40, the immediate eariy promoter of a cytomegalovirus (mouse, simian or human), or 
cellular promoters such the promoter of the p-actin gene, the metallothlonein gene, or the 
heat shock genes. Especially preferred is the SV40 eariy promoter for the NEO gene, the 
mouse or human cytomegalovims Immediately eariy promoter for the SO and the human 
adenovirus type 2 promoter for the DHFR gene. 

A DNA sequence containing the transcription tennination signals Is preferably the 3' flanking 
sequence of a gene which contains proper signals for transcription termination and 
polyadenylation for the desired host. Suitable signals are. for example, the polyadenylation 
signal of cellular genes such as the human growth homione or the rabbit p-globin gene, or 
of viral genes the as those of the SV40 "eariy' and 'late' genes. 
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The plasmids may also contain fragments of DNA that increase the stability of the plasmid 
in the desired host or that ease the integration of the plasmid DNA or the essential part 
thereof into the chromosome of the desired host. Examples for suitable DNA fragments are 
the long terminal repeats of retroviruses, in case the recombinant genes are to be 
transferred as retrovims particles, viral origins of replication, such as SV40. EBV, AAV, 
vacdnia, papillomavirus, Semliki forest virus etc., or DNA segments containing recognition 
sites forsite-spedfic recombinases such as CRE and FLP. 

The promoter, the DNA sequence coding for the secretory component or a functional 
fragment thereof and the DNA sequence containing transcription termination signals are 
operably linked to each other, i.e. they are juxtaposed In such a manner that their normal 
functions are maintained. The array is such that the promoter effects proper expression of 
the SC gene and the transcription termination signals effect proper termination of 
transcription and polyadenylation. The junction of these sequences may. for example, be 
effected by means of synthetic oligodeoxynucleotide linkers carrying the recognition 
sequence of a specifk: endonudease. 

The expression cassettes according to the invention may be maintained in the desired host 
in font! of a stable episome or plasmid or as part of the chromosome, wherein the latter 
case is preferred. 

However, it is likewise possible that the expression plasmids according to the invention 
include one or more, especially one or two, selective genetic mari<ers for the host used for 
the construction, amplification and test of the plasmid, such a marker and an origin of 
replication for a bacterial host, especially Escherichia coli. 

As to the selective gene markers, any marker gene can be used which facilitates the 
selection for transformants due to the phenotypic expression of the marker gene. Suitable 
markers are, for example, those expressing resistance to an antibiotic or another 
antimetabolite or, in the case of auxotrophic host mutants, genes which complement host 
lesions. Corresponding genes confer, for example, resistance to the antibiotics tetracyclin. 
ampicillin, G418. hygromycin. puromycin or bleomycin or provide for prototrophy in an 
(conditionally) auxotrophic mutant, for example the thymidine kinase (TK) gene, 
dihydrofolate reductase (DHFR) gene and the E. coli gp\, HisD or Trp genes. These 
selectable marker genes can also be provided by cotransfection of the expression gene 
with a physically unlinked selection gene. After such a cotransfection the enzymatic 
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machinery will wUh great probability cointegrate the two gene sets such that elimination of 
untransfected cells is possible. 

As the amplification of the expression plasmlds is usually done In a prokaryote, such as £ 
CO//., a prokaryote. e.g. E co//. genetic marker and a prokaryote, e.g. £. co/4 replication 
origin are included advantageously. These can be obtained from corresponding prokaryotic 
plasmlds, for example E. coff plasmids. such as pBR322. pTZ18R. or a pUC plasmid. for 
example pUC18 orpUC19, which contain both prokaryotic. e.g. B. coli. replication origin and 
genetic marker conferring resistance to antibiotics, such as ampicillin and tetracydin. 

Apart from the polypeptide expression cassette, repHcation origin{s) and genetic maiker(s) 
the expression plasmlds according to the Invention can contain optionally additional 
expression cassettes, such as 1 to 3 additional polypeptide expression cassettes, which 
may be the same or different. 

Examples for suitable vectors are mammalian cell expression vectors based, for example, 
on pEUK-CI (Clontech Inc.. Palo Alto, Califomla. USA ). pcDNAIneo (Invitrogen Corp. San 
Diego California. USA) pCGA28 (Asselbergs et al. Fibrinolysis (1993). 7, 1-14) or 
PCGA93D-PPREN (Asselbergs etal., Biotech. (1994). 32. 191-202). 

The expression plasmids according to the invention are prepared by methods known in the 
art. for example by linking the polypeptide expression cassette, the DNA fragments 
containing selective genetic markers for the host used in the test and optionally for a 
bacterial host, the origin(s) of replication, and the optionally additional polypeptide 
expression cassettes in the predetennined order using conventional chemical or biological 
in vitro synthesis procedures. Preferentially, the plasmids are constaicted and prepared 
using recombinant DNA techniques. For the preparation by recombinant DNA techniques 
suitable DNA fragments are ligated in vitro in conventional manner. The ligation mixture is 
then transformed into a suitable prokaryotic or eukaryotic host depending on the nature of 
the regulatory elements used, and a transfonnant containing the desired vector is selected 
according to conventional procedures. The plasmids can be multipllcated by means of the 
transformed hosts and can be isolated in conventional manner. The choice of the host 
depends on the regulatory sequences located on the vector. For the construction and 
multiplication of the vector a prokaryotic host, e.g., E. coli, is preferred. 
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Hosts, transfection and culhirinq 

A suitable host for the production of rSC is a CHO SSF 3 cell (Gandor, C.R. (1993) 
Establishment and characterization of growth-factor-prototrophic Chinese hamster ovary 
(CHO) cell lines for the production of recombinant proteins, Zurich: Dissertation Nr 10087, 
Swiss Federal Institute of Technology.) or a cell that is derived therefrom and produces the 
same glycoforms of rSC. 

The suitable host, as defined above, can be transfected by the standard methods in genetic 
engineering, as for example with the aid of cationic lipid vesicles, electroporation or particle 
gun. To increase the amount of rSC produced, it is advantageous to use a high copy 
plasmid or the plasmid DNA Is integrated Into the genome In several copies. The latter can 
be achieved, for example, via an amplification with methotrexate as described for example 
In (Asselbergs etai J. Biotechnol. (1994), 32, 191-202,; Asselbergs etai J. Biotechnol. 
(1992). 23. 143-151; Asselbergs etai J. Mol. Biol. (1986), 189, 401-411 and Kaufman etai 
Mol. Cell Biol. (1985.), 5, 1750-1759,). 

The modified CHO SSF 3 cell can be cultured by standard methods In cell culture. In a 
preferred embodiment of the invention the cells are cultured in a serum-free medium and 
more preferred in a serum- and protein-free medium. 

Surprisingly, it has been found, that the addition of Pluronic® to the culture medium has a 
productivity enhancing effect. Although, the mean doubling time is about 20% lower than in 
the absence of Pluronic® the daily yield of rSC is several times higher. This selective effect 
on the cell specific productivity is surprising and has not been observed yet. The amount of 
Pluronic®. especially Pluronic F-68®, added to the culture medium, is preferably about 
0.005 to 0.5% (w/v) and more preferred 0.01 to 0.1% (w/v). 

Isolation 

The rSC produced by the inventive method is secreted predominantly in to the culture 
medium. It can be isolated therefrom by conventional means. During the isolation 
conventional additives like protein stabilizers, inhibitors of proteinases and the like may be 
added. For example, the first step consists usually in separating the cells from the culture 
fluid by means of centrifugation or filtration. In the presence of additional proteins and 
impurities, the resulting supernatant can be enriched for rSC. Representative purification 
schemes include, e.g.. treatment with polyethyleneimine as to remove most of the non- 
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proteinaceous material, and precipitation of proteins by saturating the solution with 
ammonium sulfate or the like, ultrafiltration, diafiltration, gel electrophoresis, carrier-free 
electrophoresis, chromatographic processes such as ion exchange chromatography, size 
exclusion chromatography, partition chromatography, affinity chromatography, HPLC, 
reverse phase HPLC, treatment with Sephadex®, dialysis, or by other processes, especially 
those known from the literature. Those skilled in the art would appreciate that a 
combination of purification schemes can be used. In general, only a few purification steps 
are required in order to obtain a rSC product which is essentially free of contaminants. 

Ciystallization 

A further embodiment of the invention is a method for the crystallization of the secretory 
component (SC) according to the invention comprising placing a solution of said secretory 
component in a vessel containing a precipitating agent buffer, wherein the solution and the 
buffer are separated. Common methods and details for the crystallization of protein 
according to the 'hanging drop* method are, for example, described in Mc Pherson. A 
(1982): Preparation and Analysis of protein crystals. John Wiley ar^d Sons, NY. 

To crytallize the protein the solution of the secretory component or the functional fragment 
thereof can contain a precipitating agent buffer. It Is, for example, preferred to mix the 
solution comprising the inventive rSC and the precipitating agent buffer in an amount of 1:2 
to 2:1 or, preferred, in about equal amounts. 

The precipitating agent buffer usually contains in addition to the compounds used to 
establish a certain pH, one or more hygroscopic compounds and preservatives. Examples 
for suitable ingredients are NaNa. Na-citrate, HEPES. ammonium phosphate, and/or 
U2SO4. Preferred buffers comprise for example a mixture of Na-citrate, ammonium 
phosphate and NaNa; or a mixture of HEPES. Li2S04 and NaN3. 

In a further preferred method the solution comprising rSC is placed in a hanging manner 
over the precipitating agent buffer (hanging drop method). 

The crystallization is carried out preferred at temperatures from 3*^C to 30*C, more preferred 
from 5*C to 25'*C, and especially preferred at room temperature. 



wo 96/18734 



PCT/EP9»04797 



•9- 

The isolated and crystallized rSC as described above can be used to identify the 3- 
dimensional stmcture of the whole protein or at least of the areas responsible for binding 
and secretion of poly-lg. Conventional methods for the identification of the 3-dimensional 
structure are. for example, X-ray studies or NMR studies. The data received with these or 
comparable methods may be used directly or indirectly for the identification of antagonists 
or, preferably, agonists of the rSC mediated IgA transport. A commonly used method in this 
respect Is. for example, computer aided drug design or molecular modeling. 

The highly enriched rSC also may be used directly for binding studies and in the screening 
of compounds for their ability to influence poly-lg binding. For these tests rSC according to 
the invention may be. for example. Immobilized on a solid carrier like a micro titer plate or 
on beads; or may bear one or more identifiable maker like blotin or a radioactive, 
fluorescent or chemoluminescent group. 

A further embodiment of the invention concerns the antagonist or, preferably, agonist 
identified with the inventive rSC. or with the aid of the 3-dimensional structure derived 
therefrom, for use in a method of treatment. 

The inventive rSC has valuable pharmaceutical properties because of its lower 
immunogenicity in respect to previously known SC. This lower immunogeniclty is based, 
e.g., on a low content of NeuGc (0.25% or less of the total sialic acid content). Accordingly, 
a further embodiment of the invention concerns the use of the inventive rSC as defined 
above in a method of treatment, e.g.. in the stabilization of poly Ig. especially poly IgA. 

Examples: 

The following examples illustrate the invention and should not be construed as a limitation 
thereof. 

Standard methods in genetic engineering like cleavage with restriction enzymes, ligations, 
transformation and annealing are carried out essentially as described in Sambrook et aL, 
Molecular Cloning: A laboratory manual. 2"^ Edn. Cold Spring Harbor Laboratory Press. 
Cold Spring Harbor NY. 1989. 
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gxample 1 . human OQlymeric imm unoqiobullne receptor cDNA 

The cDNA sequence of the human polymeric immunoglobuline receptor (pIgR. SEQ ID 
N0:1) Is known (Krajci etaL, Biochem. Biophys. Res. Commun. (1989), 158, 783-789; 
Krajci et at, Hum. Genet. (1991), 87, 642-648; Piskurich et al., Mol. Immunol. (1993). 30, 
413-421 ; SEQ ID N0 1). Such cDNA can be generated using standard methods in genetic 
engineering, e.g., by reverse transcription of mRNA from samples of tissue expressing pIgR 
(Krajci et al., 1989. opus cit.) or from a publicly available cell line such as HT29 (ATCC 
HTC-38, Piskurich et al.. Mol. Immunol. (1993) 30. 413 -421). The cloned cDNA can be 
kJentified by hybridization with PGR fragment generated from the cDNA mixture with 
primers designed using the cDNA sequences in the public domain. 

The cDNA is cloned in a plasmid vector, which can be multiplied in E. coli. Plasmid DNA is 
prepared according conventional procedures {Sambrook etai, Molecular Cloning: A 
laboratory manual. 2"** Edn. Cold Spring Harbor Laboratory Press, Cold Spring Haitor NY. 
1989) and the nucleotide sequence of the cDNA sequence is determined. The natural 
coding sequence of the precursor of the pIgR protein (SEQ ID NO 2) starts with an ATG 
methionine codon and ends with a TAG stop codon. WltWn the coding sequence significant 
features are 

a) the presence of a hydrophobic leader sequence Immediately following the initiation 
codon (amino acids 1-18) and 

b) a second stretch of hydrophobic amino acids (639-661) corresponding to the 
transmembrane portion, which separates the extracellular amino-terminal part from the 
intracellular carboxytemainal portion of pIgR. 

The leader peptide Is cleaved off from the precursor polypeptide within the cell prior to 
presentation of the receptor protein on the cell membrane. 

Example 2 PGR mu tagenesis of human DlqR cDNA 

An artificial DNA molecule encoding secretory component is generated by creation of a stop 
codon immediately before the transmembrane segment using PGR mutagenesis. For this 
purpose the information contained In DNA sequence encoding pre-plgR is sufficient, but 
optionally, vector DNA sequences lying upstream of the ATG initiation codon can be used in 
the creation of a DNA molecule coding for secretory component. 

The polymerase chain reaction (PGR) reaction is done with two synthetic oligonucleotide 
primers, here termed forward and backward primer (terms relating to the direction of 
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transcription primed by the respective oligonucleotides relative to the direction of the pIgR 
translationat reading frame). 

The fonvard PGR primer is chosen such that the functional properties of the leader peptide 
are preserved. The simplest way to achieve this is, is not altering the natural leader peptide 
sequence. The primer sequence upstream of the ATG codon is further chosen such that a 
convenient restriction site, which is compatible with a restriction site in a suitable expression 
vector, is created. One preferred restriction site is that of the restriction endonuclease 
Hindlll, AAGCTT. A prefen^ed DNA molecule for PGR modification is pIgR cDNA cloned In 
vector pCB6. In this vector the pIgR cDNA is cloned downstream of the major immediate 
eariy promoter of the human cytomegalovirus. In this case, a primer hybridizing to the 
cytomegalovirus promoter segment can be used, preserving restriction sites already present 
in the vector between the priming site and the position of the ATG codon. A preferred 
oligonucleotide primer is 5' PGR primer 1 (SEQ ID NO 5). 

A second criterion used in the design of the oligonucleotide is that the sequence around the 
ATG codon is such that the initiation of protein synthesis at the ATG is efficient. The DNA 
sequence found upstream of the ATG codon in natural mRNAs is not always optimal as 
under natural conditions only limited amounts of a protein are needed. The criteria for 
optimal initiation efficiency are Icnown (Kozak etaL, Nucleic Acids Res. (1987), 15. 8125- 
8148; Peabody D.S. in Setlow J.K. ed. Genetic Engineering Vol. 12. pp. 99-76). It is 
preferred that the nucleotide immediately following the ATG Is G. This is not the case in the 
natural pIgR cDNA. but can be achieved be designing the fon^ard PGR primer accordingly. 
IHowever, this can only be achieved by changing the codon of the second amino acid, 
leucine, to one starting with G. coding either for valine, alanine, aspartate, glutamate or 
glycine. The preferred amino acid is valine. This is a conservative substitution as both 
amino acids belong to the class of hydrophobic amino acids. The functional properties of 
the peptide leader sequence in promoting secretion of the protein are preserved. One 
preferred DNA sequence immediately upstream of the ATGG is GC. thus situating the ATG 
codon within the recognition site of the restriction endonuclease Ncol, GCATGG). This Ncol 
site is compatible with Ncol sites is many efficient expression vectors. Another preferred 
DNA sequence immediately upstream of the ATGG is GGGAGG. A preferred 5* PGR primer, 
which creates also a Hindlll site upstream of the ATG. is 5' PGR primer 2 (SEQ ID NO 6). 

The baclcward primer is designed with two main criteria in mind. Firstly, it serves to 
generate a stop codon at position 1906 just upstream of the hydrophobic transmembrane 
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segment of the pIgR protein. The primary translation product will thus terminate with Ser- 
Glu-Glu-Gln-Gly-Gly-COOH. Secondly, it serves to create downstream of the new stop 
codon a restriction endonuclease site compatible with a restriction site in a suitable 
expression vector. One preferred stop codon is TGA and a preferred restriction site is that 
of Xbal. TCTAGA as created by preferred 3* PGR primer 1 (SEQ ID NO 7). 

Example 3: Polymerase chain reaction 

A DNA fragment is transcribed by a heat-stable DNA polymerase using a specific fonvard 
and 3' PGR primer as described in example 2 and with pIgR cDNA cloned in a plasmid 
vector as template. The PGR reaction is done (according to Sambrook et aL, Molecular 
Cloning: A laboratory manual, 2nd Edn. Cold Spring Hart^or Laboratory Press, Cold Spring 
Harbor NY, 1989) in a buffered solution containing the four deoxyribonucleotide 
triphosphates and the temperature is of the incubation controlled such that multiple cycles 
of primer-driven transcription of the SC-coding fragment occur. This produces a DNA 
fragment terminating with DNA sequences of the two oligonucleotide primers. A Hindlll- 
Xbal fragment encoding SC is generated from this DNA fragment by first separating the SC 
DNA fragment from the primers and other components of the PGR reaction and then 
digesting this DNA to completion with Hindlll and Xbal. Subsequently, the 1.9 kb Hindlll- 
Xbal fragment purified from the restriction enzyme reaction and is ready for ligation to the 
restricted expression vector DNA. 

The PGR product generated in this way with 5* PGR primer 1 (SEQ ID NO 5) and 3' PGR 
primer 1 (SEQ ID NO 7) is called SC DNA fragment 1 (SEQ ID NO 3). The PGR product 
generated In this way with 5* PGR primer 2 (SEQ ID NO 6) and 3' PGR primer 1 (SEQ ID 
NO 7) is called SC DNA fragment 2 (SEQ ID NO 4). 

Example 4: Construction of SC expression vectors with t he geneticin resistance gene 

The artificial DNA segment encoding secretory component (SC) is Inserted between 
restriction endonuclease sites in a suitable mammalian cell expression vector. One 
preferred expression vector is pCB6. of which the main features are listed in Table 1 and 
that can be synthesized easily with standard methods in genetic engineering: 
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Table 1 



Map position (kb) 


OriQin of DNA seament 


Function of DNA segment 


0 - 0.75 


human cytomegalovirus 


immediate early promoter (for 
cDNA) 


0.75 - 0.80 


synthetic 


multiple restriction sites, 
induding (in order of cleavage 
position) bv Hindlll and Xbal 


0.8-1.44 


human growth hormone 


polvadenvlatlon signal for cONA 


1.44-1,78 


SV40 


eariv promoter (for NEO gene) 


1.78-3.12 


transposon Tn5 


NEO gene (geneticin 
resistance) 


3.12-3.36 


SV40 


polyadenylation signal for NEO 
gene 


3.36-6.20 


pTZ18R (Pharmacia) 


replication in E coli 



The vector pCB6 or pCB6 containing the pIgR cDNA (pCB6plgR) is cut to completion with 
Hindlll and Xbal and the 6.1 kb fragment is isolated. This DNA fragment is ligated using 
DNA ligase (from bacteriophage T4 or another enzyme with ligation activity) to SC DNA 
fragment 1 . This ligation product is used to transfonm £ co// DH5a and ampicillin resistant 
strains are isolated. A plasmid DNA is isolated from such an ampicillin resistant strain is 
termed pCB6-SC and is structured as pCBS. but with the 1.9 kb SC DNA fragment 1 
(Example 3) replacing the small Hindlll-Xbal fragment of pCB6. 

An alternative expression vector is constructed from pCB6-SC. by replacing the major 
immediate early promoter from the human cytomegalovirus, by the more powerful major 
immediate early promoter from the mouse cytomegalovirus (mCMV). This promoter is 
obtained together with the beginning of the ampicillin resistance gene as a 1.1 kb Pvul- 
Hindlll fragment from plasmid pCGA93D-PPREN (Asselbergs etai. J. Biotechnol. (1994), 
32. 191-202). In parallel. pCB6 is cut with Pvul and Hindlll and the largest fragment (6.1 
kb), which contains all the structural elements of the expression vector (see table 1) except 
of the human cytomegalovirus promoter and the beginning of the pTZ18R-derived ampicillin 
resistance gene, is purified. The 1.1 kb and the 6.1 kb fragment are ligated and after 
transformation of E. co// with the ligation product ampicillin resistant colonies containing 
plasmid pMC-SC are obtained. pMC-SC is functionally equivalent to pCB-6 (see table 1) 
except that the human cytomegalovirus promoter is replaced by the murine one. 
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Fxample 5 : Construction nf SC exor flssion olasmld DCGA93D-SC 

The artificial DNA segment encoding secretory component (SC) is inserted between 
restriction endonuclease sites in a suitable mammalian cell expression vector. One 
preferred expression vector is pCGA93D-PPREN which is constructed according to 
Asselbergs et aL, J. Biotech. (1994). 32, 191-202. and of which the main features are listed 
in Table 2: 



Table2 



Map position (kb) 


Oriain of DNA segment 


Function of DNA seament 


0-0.5 


mouse cytomegalovirus 


Immediate early promoter (for 
cDNA) 


0.5-1.9 


synthetic llnlcers flanking 
human prorenin cDNA 


The prorenin cDNA is preceded by 
a Hindlll site and followed by an 
Xbal and a BamHI site. 


1.9 -3.1 


rabbit beta-globin 


splicing and polyadenylation 
sianais for cDNA 


3.1 - 3.5 


human adenovirus 
tvpe2 


promoter + splicing donor signals 
(for DHFR qene) 


3.5 - 3.7 


mouse immunoglobulin 


splicing acceptor signals (for 
DHFR qene) 


3.7 ' 4.3 


mouse DHFR cDNA 


dthydrofolate reductase coding 
DNA 


4.3-4.7 


SV40 


polyadenylation signal for DHFR 
aene 


4.7 - 7.9 


pBRd 


replication in £ colL Bacterial 
selection genes for tetracycline 
and ampicillin resistance. There is 
second BamHI restriction site at 
5.0 kb and a Sail restriction site at 
5.2 kb, both in the tetracyclin 
resistance qene. 



The vector pCGA93D-PPREN Is cut to completion with BamHI and the large 4.9 kb 
fragment is isolated, self-ligated and used to transform £ co// DH5a (the plasmid is termed 
pINTERMEDI). From an ampicillin resistant strain plasmid pINTERMEDI (4.9 kb) is 
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purified. In pINTERMEDI the HIndlll and Xbal sites flanking the prorenin cDNA are unique 
restriction sites. pINTERMEDI Is cut to completion with HIndlll and Xbal and the 3.5 kb 
fragment is Isolated. This DNA fragment Is ligated using DNA ligase (from bacteriophage 
T4 or another enzyme with ligation activity) to SC DNA fragment 2 (Example 3). This 
ligation product Is used to transform E. co//DH5aand ampiclllln resistant strains are 
isolated. A plasmid DNA is isolated from such an ampiclllln resistant strain is termed 
PINTERMED2 (6.8 kb). plNTERMED2 is cut to completion with Sail and Xbal and the large 
fragment (6.5 kb) is isolated. In parallel pCGA93D-PPREN is cut to completion with Sail 
and Xbal and the 3.3 kb fragment is isolated. The two DNA fragments are ligated and the 
product is used to transform £ coff DH5a. From an ampicillin and tetracydln resistant strain 
thus obtained pCGA93D-SC is isolated. This plasmid Is structured like pCGA93D-PPREN. 
but with the SC coding DNA replacing the preprorenin coding DNA, In pCGA93D-SC the 
SC coding DNA starts with an Ncol site and the DNA sequence around the ATG Initiation 
codon of SC allows efficient initiation of translation of the recombinant SC mRNA. 

Example 6 : Expression of human .secretory com ponent in CHQ SSF3 ceil transfected 
withPCB6-SCornMn.sr 

CHO SSF 3 cells are known (Gandor C.R.. Establishment and characterization of growth- 
factor-prototrophic Chinese hamster ovary (CHO) cell lines for the production of 
recombinant proteins. Zflrich: Dissertation #10087. Swiss Federal Institute of Technology. 
1993). A cell stock is maintained in FMX-8 medium (Dr. F. Messi Cell Culture Technologies. 
Rohrstrasse 29, CH-8152 Glattbrugg/Zurich) without further additives. If transfection is 
going to be perfomied without serum, one to ten million cells are pelleted at low speed in a 
centrifuge and the cells are resuspended at 200'000 cells/ml in fresh FMX-8 medium of 
37«C. In the alternative procedure, a dense culture of CHO SSF 3 cells is diluted 10-fold in 
FMX-8 medium with 4% fetal calf serum and plated in 3 cm diameter tissue culture Petri 
dishes. Cultured in this way the CHO SSF 3 cells form a cell monolayer, which adheres to 
the plastic of the Petri dish. When this monolayer is 30-50% confluent, they can be used 
for transfection. 

The solutions for transfection are prepared in a polystyrene vessels to prevent adsorption of 
the cationic lipid used and the complex formed of the cationic lipid and DNA to the vessel 
wall. The pCB6-SC (example 3) DNA is prepared for transfection as follows: 4 jig plasmid 
DNA is dissolved in 0.1 ml FMX-8 medium. Separately 14 nl cationic lipid solution 
(lipofectin. GIBCO) is diluted in 0.1 ml FMX-8 medium. Subsequently, the DNA solution and 
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the lipofectin solution are carefully mixed and incubated at room temperature for 1 5 min to 
allow formation of a lipofectin-DNA complex 

For tfie semm-free procedure, tfie Dpofectln-DNA complex Is mixed vMh tfie CHO SSF 3 cell 
suspension (end volume 0.5 ml) and placed in a CO2 incubator (5% CO2) at 37«C. After a 
16fi 1 ml FMX-8 Is added to tfie cells and the incubation continued. After anottier 24h the 
cells are diluted 10-fold In fresh FMX-8 + 0.25 mg/ml genetlcin, divided in 96-well microtiter 
plate and incubated at 37'C until after approximately 3 weeks incubation dense cell growth 
is detected in some of the wells. An aliquot of the medium from such wells is assayed for 
the presence of human SC. Cells from the wells in w^ch SC is detected are transferred to 
larger culture vessels and expanded until sufficient cells are obtained to inoculate a stirred 
tanl< bioreactor. 

In the alternative procedure the serum-containing medium is suctioned off, cells are rinsed 
with FMX-8 without serum and 0.3 ml FMX-8 medium without serum is added. To this 
medium the lipofectin-DNA complex solution is added and the cells are incubated for 5 h in 
a CO2 incubator (5% CO2) at 37''C, after which 1 ml of FMX-8 with 4% semm is added. 24h 
later the cells are trypsinized with undiluted 0.25 % porcine trypsin (JRH Biosciences 
Lenexa. Kansas U.S.A) as described in Asselbergs et al., J. Biotechnol. (1992). 26, 301- 
313, diluted 20-fold in FMX-8 with 4% serum and 1 mg/ml geneticin and plated In Petri 
dishes. After 2-3 weeks colonies of genetlcin-resistant cells have developed, which are 
Individually scraped off and transferred to a 24-well microtiter plate. FMX-8 without serum 
with 0.25 mg/ml geneticin is added to the cells. After a week a dense culture of mostly non- 
adherent cells has developed. The concentration of SC in the conditioned medium from 
each well is measured by ELISA (as described in example 10) and cells from the wells in 
which a high amount SC is detected are transferred to larger culture vessels and expanded 
until sufficient cells are obtained to inoculate a stirred tank bioreactor. 

One cell line CHO SSF 3 producing human SC is designated SSF3-HSC-1 and is used for 
production of human SC in stirred tank bioreactor. The cell population produces more than 
1 0 p.g SC per million cells day. 

Using the same procedures cells, which are transfeded with pMC-SC instead of pCB6-SC. 
are obtained. One pMC-SC -transtected CHO SSF3 cell line producing human SC is 
designated CHO-SSF3/pMC-SC3 (DSM ACC2203) and is used for production of human SC 
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in a stirred bioreactor. The cell population produces more than 10 mg SC per million cells 
per day. 

Kyample T. — Expression of human secreton/ comnnnBnt in CHQ SSF a cells transfftniBri 
with dCGA93D.SC 

CHO SSF 3 cells and lipofectin-DNA complex are prepared as described above. (Example 
6). except that instead of plasmid pCB6-SC plasmid pCGA993D-SC (Example 5) is used. 

For the setum-free procedure, the llpofectin-DNA complex Is mixed with the CHO SSF 3 cell 
suspension vend volume 0.5 ml) and placed In a COg Incubator (5% CO2) at 37»C. After a 
I6h 1 ml FMX-8-minus (FMX-8 lacking glydne. hypoxanthlne and thymidine) is added to the 
cells and the incubation continued. After another 24h the cells are diluted 10-fold in fresh 
FMX-8-minus + 5 nM methotrexate, divided in 96-well microtiter plate and incubated at 37^C 
until after approximately 3 weeks Incubation dense cell growth is detected in some of the 
wells. An aliquot of the medium from such wells is assayed for the presence of human SC. 
Ceils from the wells in which SC is detected are transferred to larger culture vessels and 
expanded until sufficient cells are obtained for selection of cell lines with increased 
methotrexate resistance (Example 8) or to Inoculate a stined tank bioreactor. 

In the altemative procedure the senim-contalning medium is suctioned off. the cells are 
rinsed with FMX-8-medium without semm and 0.3 ml FMX-8-medium without serum is 
added. To this medium the lipofectin-DNA complex solution is added and the cells are 
incubated for 5 h in a CO2 incubator (5% CO2) at 37X. after which 1 ml of FMX-8-minus 
with 4% dialyzed serum is added. 24h later the cells are trypsinized. diluted 20-fold in FMX- 
8-mlnus with 4% dialyzed serum and 5 nM methotrexate and plated in Petri dishes. After 2- 
3 weeks colonies of methotrexate-resistant cells have developed, which are individually 
scraped off and transferred to a 24-well microtiter plate. FMX-8-minus without serum with 
5 nM methotrexate is added to the cells. After a week a dense culture of mostly non- 
adherent cells has developed. The concentration of SC In the conditioned medium from 
each well is measured and cells from the wells in which a high amount SC is detected are 
transferred to larger culture vessels and expanded until sufficient cells are obtained for 
selection of cell lines with increased methotrexate resistance (Example 8) or to inoculate a 
stirred tank bioreactor. 
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One CHO SSF 3 cell line producing human SC is designated SSF3-HSC-M1 and is used for 
production of human SC in stirred tank bioreactor. The cell population produces more than 
1 0 ^g SC per million cells day. 

Example B: Methotrexate selection of ceil lines with increased number of copies of 
PCGA93D-SC 

It is possible to select for spontaneous amplification of the plasmid DNA integrated into the 
chromosome of the transfected CHO SSF 3 cells. To achieve this, the transfected CHO 
SSF 3 cells selected to be resistant to 5 nIVl methotrexate are subcultured in gradually 
increasing coi.centrations of methotrexate. Like the transfection. this procedure can be 
done in protein-free medium or in medium containing serum. The latter method has the 
advantage that it is easier to isolate individual colonies of cells resistant to the higher 
methotrexate concentration, but cells have to readapted to growth in protein-free medium. 
This is done by gradually diluting out the serum over a two week growth period. 

For the serum-free procedure, the cells cultured in FMX-8-minus (FMX-8 lacking glycine, 
hypoxanthine and thymidine) plus 5 nM methotrexate are diluted to a cell density of 
approximately 500 cells/ml in medium with the new methotrexate concentration and divided 
over several 96-well microliter culture plates. It is known that the frequency of amplification 
is approximately one in 10000 and that small increments of the methotrexate concentration 
favor the development of resistance due to gene amplification rather than other gene 
alterations (Kaufman R.J., Methods in Enzymology (1990), 185, 537-566). Therefore, the 
selection is initiated at about twice the initial concentration of 5 nM methotrexate. In about 
one in 20 wells a dense culture of cells with Increased methotrexate resistance develops 
over a period of 2-3 weeks. Such cells are transferred to larger culture vessels and 
expanded until sufficient cells are obtained to test the specific production of secretory 
component. Cells with higher specific SC production are obtained with a frequency of 20- 
40% of the more resistant subcultures. This selection procedure is repeated several times, 
each time raising the methotrexate concentration 1 .5-2-5-fold. When a concentration of 50- 
150 nM methotrexate is reached a cell population producing more than 10 ^g SC per million 
cells day is obtained. These cells are then transfen-ed to an appropriate bioreactor for large 
scale SC production 

In the alternative procedure, the cells are cultured adherent to plastic in FMX-8-minus 
medium with 4% dialyzed fetal calf serum initially with 5 nM methotrexate. The cells are 
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trypsinized and replated at 20000 cells/ml in several 10 cm diameter Petri dishes (10 ml 
medium total) in the same medium but with the higher concentration of methotrexate. Uke 
stated above, the selection is initiated at about twice the initial concentration of 5 nM 
methotrexate. After about 3 weeks colonies of more resistant cells are developed which are 
individually scaped off and transferred to multiwell dishes with medium vtrith the same 
methotrexate concentration. When sufficient cells are obtained the specific production of 
SC is measured. Cells with higher specific SC production are obtained with a frequency of 
20-40% of the more resistant subcultures. This selection procedure is repeated several 
times, each time raising the methotrexate concentration 1.5-2.5-fold. When a concentration 
of 50-150 nM methotrexate is reached a cell population producing more than 1 0 jig SC per 
million cells day is obtained. The cell line thus obtained is readapted to growth in protein- 
free FMX-8 minus by gradually over a period of 1-2 weeks lowering the serum 
concentration. These cells are then transferred to an appropriate bioreactor for large scale 
SC production. 

gxarnple 9- ^USA agsav for human SC in f^nditionen marti u m of transfantfld CHO SSF 
3 cells 

Polystyrene microtiter plates are coated overnight at 4X with 100 pl/well of 10 pg/ml rabbit 
anti-human SC immunoglobulin (DAKO Code nr. A187) dissolved in PBS without MgCIa and 
CaClz (GIBCO) containing 0.1 mg/ml of the bacteriostatic sodium ethyl mercurithiosalicylate. 
Subsequently, the plates are rinsed three times with in washing solution: PBS lacking MgCI_ 
and CaCl2 containing 0.05% Tween-20 (ElA-grade. BIORAD) and 0.1 mg/ml sodium ethyl 
mercurithiosalicylate. Non-specific protein binding sites on the polystyrene are neutralized 
by incubation with blocking buffer PBS containing 2% bovine serum albumin (BSA). 0.5% 
rabbit senim and 0.05% Tween-20. Subsequently, the plates are rinsed three times with 
washing solution. A 100 pi sample of an SC-containing solution (conditioned medium, 
column fraction from a purfication etc.) diluted in blocking solution is added to each well and 
incubated overnight at 4X. Subsequently, the plates are rinsed three times with washing 
solution. Next. 50 pi of a solution containing 250 ng/ml biotinylated anti-human SC 
immunoglobulin in blocking buffer is added followed by an incubation of 1 h at room 
temperature. This biotinylated antibody is prepared by treatment of rabbit anti-human SC 
immunoglobulin (DAKO Code nr. A187) with aminohexanoyl-biotin-n-hydroxysuccinimide 
ester (Zymed) according to the instnjctions of the manufacturer. Subsequently, the plates 
are rinsed three times with washing solution. Next. 50 pi of avidin crosslinked to 
horseradish peroxidase (Zymed) 1000-fold diluted in blocking buHer is added followed by an 
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incubation of 1 h at room temperature. After washing the plate three times with washing 
solution. 150 Ml/well of enzyme color substrate solution, 21 mg/ml citric acid and 35.6 mg/ml 
Na2HP04 at pH 4.5 containing 1.5 mg/ml 0-phenyldiamlne (SIGMA) and 1 \ai"^\ 30% H202. 
is added. After 15 min. at 37»C the enzyme reaction is stopped by addition of 50 pl/well of 
0.5 N H2S04 and the absorption measured at 492 nm. Relative concentration (titer) of SC 
is calculated as an arbitrary unit (AU) i.e. the absorbance measured multiplied by the 
volume and dilution factor of the sample. Alternatively, the assay Is standardized by testing 
a dilution series of purified recombinant human SC in parallel. 

Example 1 0: ELISA assa y for binding nf SC to human IqA 

Polystyrene microliter plates are coated overnight at 4«C with 100 |jl/well of either 10 pg/ml 
human serum albumin (negative control, Sigma A-6003), human IgG (Sigma 1-4506). IgM 
(Sigma 1-8640), IgA (Sigma. 1-0633) or rabbit anti-human SC immunoglobulin (DAKO Code 
nr. A187) dissolved in PBS without l^gCb and CaCb (GIBCO) containing 0.1 mg/ml of the 
bacteriostatic sodium ethyl mercurithiosalicylate. Subsequently, the plates are rinsed three 
times with in washing solution : PBS lacking MgCIa and CaCIa containing 0.05% Tween-20 
(ElA-grade, BIORAD) and 0.1 mg/ml sodium ethyl mercurithiosalicylate. Non-specific 
protein binding sites on the polystyrene are neutralized by incubation with blocking buffer 
PBS containing 2% bovine serum albumin (BSA), 0.5% rabbit serum and 0.05% Tween-20. 
Subsequently, the plates are rinsed three times with washing solution. A 100 pi sample of 
an SC-containing solution diluted in blocking solution is added to each well and incubated 
overnight at 4'»C. Subsequently, the plates are rinsed three times with washing solution. 
Next. 50 pi of a solution containing 250 ng/ml biotinylated anti-human SC immunoglobulin in 
blocking buffer is added followed by an incubation of 1 h at room temperature. This 
biotinylated antibody is prepared by treatment of rabbit anti-human SC immunoglobulin 
(DAKO Code nr. A187) with aminohexanoyl-biotin-n-hydroxysuccinimide ester (Zymed) 
according to the instructions of the manufacturer. Subsequently, the plates are rinsed three 
times with washing solution. Next. 50 pi of avidin crosslinked to horseradish peroxidase 
(Zymed) 1000-fold diluted In blocking buffer is added followed by an incubation of 1 h at 
room temperature. After washing the plate three times with washing solution, 1 50 pl/well of 
enzyme color substrate solution, 21 mg/ml citric acid and 35.6 mg/ml Na2HP04 at pH 4.5 
containing 15 mg/ml O-phenyldiamlne (SIGMA) and 1 pl/ml 30% H2O2, is added. After 15 
min. at 37*C the enzyme reaction is stopped by addition of 50 pl/well of 0.5 N H2SO4 and 
the absorption measured at 492 nm. Relative concentration (titer) of SC is calculated as an 
aftitrary unit (AU) i.e. the absorbance measured multiplied by the volume and dilution factor 
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of the sample. Alternatively, the assay is standardized by testing a dilution series of purified 
recombinant human SC in parallel. 

Example 1 1 : Production of SC of loA In small p ilot scale suspension culture in semm and 
protein free cultivated CHQ SSF a rpiig 

All cell cultivations are performed as suspended repeated step-wise-fed-batch cultivations in 
10 L glass-bioreactors with marine type impellers. After having reached maximal cell 
density and working volume, indicated by beginning stationary growth phase. 90% of the 
cell suspension is harvested and the remaining 10% are diluted by a factor 1 :10 with fresh 
medium. Tne process is controlled by on-line control loops for temperature. pH and pOa. 
Cell concentration, cell viability and product concentration (end concentration) are off-line 
detemiined. The basal medium consists of FMX-8 (Dr. F. MessI AG, Zurich. Switzerland). 
The cells however are proved to be shear sensitive with respect to their production kinetics. 
The growth kinetics, however, are only slightly affected (see below). Medium is therefore 
supplied with Pluronic F-68 (P-1 300. SIGMA) as productivity enhancer. The two different 
medium configurations are compared below. 

gxamole 11.1:Batch cultivation with FMX.fl mprihim 

After inoculation of the bioreactor with 1 .2 x 10* cells/ml and 2.5 L working volume the cells 
are grown up to 9.8 x 10* cells/ml. During growth phase the woridng volume is increased 
twice by the addition of 3 L of fresh medium after 4 d and 2 L of fresh medium after 7 d 
respectively. This batch cultivation results in a final working volume of 8 L after 9 d of 
culture and with a final concentration of 109 mg/L of SC of IgA. The mean doubling time of 
the cells is 2.82 d and the daily yield of the SO of IgA is 12.1 mg/l7d. 

Example 1 1 .2: Batch cultivation with FM X-B medium, supplied with Pluronic F-6fl 

The FMX-8 medium is supplied with 0.05% (w/v) Pluronic F-68 as productivity enhancer. 
After inoculation of the bioreactor with 2.3 x 10^ cells/ml (from Example 8)and 2.5 L working 
volume the cells are grown up to 1.1 x 10^ cells/ml. During growth phase the working 
volume is increased 3 times by the addition of 2.5 L of fresh medium after 1 d, 3 L after 3 d 
and 1 L after 4 d respectively. This batch cultivation results in a final working volume of 9 L 
after 7 d of culture and with a final cell concentration of 1.1 x 10^ cells/ml and a final 
concentration of 229 mg/L of SC of IgA. With 2.26 d the mean doubling time is only 20% 
lower than without Pluronic supplementation. On the contrary, the daily yield of the SC of 
IgA is with 32.7 mg/L/d 3 times higher than without Pluronic supplementation. 
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Example 12: Human secretory component produc ed bv Chinese hamster ovary cells in the 
absence and presence of Pluronic. 

After removal of the residual cellular biomass human secretory component (hSC) is isolated 
from the FMX-8-based cell culture medium. Protease inhibitors, like PMSF (0.1 M in 2- 
propanol) and E-64 (7 mM in 50% (v/v) aqueous ethanol), and NaCI are added to give final 
concentrations of 1 mM, 2.8 pM and 0.5 M. respectively, and the pH is adjusted to 5.6 with 
4 N HCI. After addition of CaCfe and MnCt to give a final concentration of 1 mM each, 150 
ml Concanavalin A Sepharose (Pharmacia) slurry are added and suspended overnight at 
4**C. The immobilized lectin is collected above a glassfilter, washed with 5 mM 
sodiumacetate pH 5.6, containing 0.5 M NaCI. 1 mM CaCls. and 1 mM MnCl2 (binding 
buffer), and packed into a 2.6 cm x 30 cm column-housing. Concanavalin A-bound protein 
is eluted with binding buffer, containing 0.5 M methyl-a-D-mannopyranoside. The hSC- 
containing fraction are concentrated and dialyzed against 50 mM sodiumacetate pH 5.5, 
containing 0.15 M NaCI and 0.02 (w/v) NaNa, by ultrafiltration using an YM10® membrane 
(AMICON) in an Amicon cell. Further fractionated is achieved by gel-permeation 
chromatography on a column (1.6 cm x 61 cm) of Sephacryl S-300 (Pharmacia). The 
column is eluted with 50 mM sodiumacetate pH 5.5, containing 0.15 M NaCI. and the 
effluent monitored at 278 nm. The major peak, containing hSC as monitored by SDS/PAGE. 
is collected and concentrated by ultrafiltratton using an YM10 membrane in an Amicon cell 
to a concentration of about 20 mg/ml. Approximately 35 mg of hSC are isolated per liter of 
cell culture medium as measured using the Bio-Rad protein assay using IgG as a standard. 
The final preparation shows an apparent purity in excess of 95%, and is stored at 4«C in the 
presence of 0.02% (w/v) NaNa. 

Example 1 3: Crystallization of recombinant so luble polymeric lo receptor (hSC) 
The crystallization experiments are performed using the hanging drop method. 

2 ^1 of the SC solution from example 12 at a concentration of about 5 mg/ml in 10 mM 
sodium acetate buffer at pH 5.5 containing 100 mM NaCI is mixed with an equal volume of 
precipitating agent buffer. The precipitating agent buffer can be : 

A) 0.1 M Na-citrate, 1.0 M ammonium phosphate and 0.02% NaNa; or 

B) 0.1 M HEPES. 1.5 M (Li)2S04 and 0,02% NaNa 
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The protein and precipitating agent solutions are mixed on a glass cover slide. 1000 ^1 of 
ttie respective precipitating buffer solution (reservoir) is placed into wells of Linbro plates. 
The glass cover slide with the hanging drop of protein solution is placed over the well. 
Equilibration of the concentration of precipitating agent between reservoir and hanging 
drops Wathe vapor phase occurs within a lew weeks at room temperature. During this 
period plate-like crystals of hSC appear in the drops. 

Example 1 4: Sialic add analvsis of racnmbinant .^iinhto p Qivmeric itj rareator 

The analysis of sialic acids is carried out essentially as described in Harra et at., Anal. 
Blochem. (1989), 179. 162-166. An aliquot of 236 (ig recombinant soluble polymeric Ig 
receptor (hSC) in 10 iti 0.05 M sodiumacetate pH 5.5, containing 0.15 M sodiumchloride Is 
dried under reduced pressure and solved In 200 (jI 2 M acetic acid, heated for 3 h a! 80"C. 
Released sialic acids are converted Into fluorescent derivatives by the addition of 200 jil 7.0 
mM l.2.diamino-4.5-methylenedioxyben2ene (DMB. Sigma) in 1.4 M acetic acid, containing 
0.75 M p-mercaptoethanol and 18 mM sodium dithionate at 50«C for 2.5 h. N- 
acetylneuraminic acid (NeuSAc, Sigma). N-glycolylneuraminic acid (NeuSGc. Sigma), 
human serumtransferrin (hST. Serva), bovine glycoprotein fraction VI (bGP, Miles 
Laboratories) and a mixture of Neu5Ac. Neu5Gc. N-acetyl-7-O-acetylneuraminic acid 
(Neu5.7AC8). N-glycolyl-S-O-acetylneuraminic acid (NeuSAcsGc). N-acetyl-9-O-acetyl- 
neuraminic acid (Neu5.9Ac2). N-acetyl-7(8).9-di-0-acetylneuraminicacid (Neu5.7(8),9Ac3) 
(Oxford Glycosystems) are taken through the procedure as standards. HPLC analysis is 
carried out on a Waters Novapak C" 4-Mm (60 A) column (3.9 x 150 mm) fitted into a 
Waters 840 chromatography system equipped with two model 510 HPLC pumps, a WISP 
model 712 sample processor, a model 490 programmable multi-wavelength detector and a 
Kratos GM 970 fluorescence detector operating at an excitation wavelength of 373 nm. 
detecting emission at wavelength >418 nm using a cut-off filter. Simultaneously, the 
absorbance of the eluent is monitored at a wavelength of 373 nm. Elutions are performed 
isocratically using acetonitrile : methanol : water (6.4 : 4.9 : 88.7. v/v/v) as eluent at a flow 
rate of 0.7 ml/min. 

The HPLC profiles of the DMB sialic acids derived from hST and bGP show only Neu5Ac 
for hST (as described in Spik etal.. FEBS Lett. (1975). 50. 296-299 and Hokke etal., FEBS 
Lett. (1990), 275, 9-14) and a mixture of Neu5Gc and NeuSAc in a ratio of 1.0 : 1.0 for bGP. 
The HPLC pattern of the DMB sialic acids derived from hSC show peaks at the elution 
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positions of NeuSGc and NeuSAc. respectively. The content of NeuSAc in hSC is more 
than 99.9% and that of NeuSGc less than 0.1%. 

DEPOSITIONS 

The following microorganism strains were deposited at the Deutsche Sammlung von 
lUlkroorganismen (DSM). Mascheroder Weg 1b. D-38124 Braunschweig (accession 
numbers and deposition dates given): 



CHOSSF3/p'/IC-SC3 



DSM ACC2203 



deposited on Dec. 15, 1994 
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SEQUENCE LISTING 

(1) GENERAL INPORMATION: 

(i) APPLICANT: 

(A) NAME: CIBA-GEIGY AG 

(B) SraEET: Klybeckstr. 141 

(C) cm: Basel 

(E) COUNTRY: Switzerland 
;F) postal code (ZIP) : 4002 

(G) TELEPHONE: +41 61 69 11 11 

(H) TELEFAX: + 41 61 696 79 76 

(I) TELEX: 962 991 

(ii) TITLE OF INVEWriCN: Production of Reccxnbinant Secretory 
Canpc»ient 

Uii) NUMBER OF SBQUQCES: 7 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC conpatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTOARE: Patentin Release #1.0, version #1.30 (EPO) 
(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2405 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEENESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(ix) FEATURE: 
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(A) NAME/KEY: CDS 

(B) IjOCATION: 111.. 2402 

(D) OTHER INFORMATION: /product = "original pIgR- 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

CGCTAGQCGT GTACGGTGGG AGGTCTATAT AGCAGAGCTC GTITAGTGAA CCGTCAGAAT 60 

TAATICAGAT CTCGTACCAC GCGTATCGAT AAOCTTOAAT TCCACCAGCA ATG CTG 116 

Met Leu 
1 

CIC TIC GTG CTC ACC TQC CTG era QCG GTC TTC CCA ox 164 
Leu Phe Val Leu "Thr Cys Leu Leu Ala Val Phe Pro Ala He Ser Thr 
5 10 15 

AAG AGT CCC ATA TTT GGT CCC GAG GAG GTG AAT AGT GTG GAA GGT AAC 212 
Lys Ser Pro He Phe Gly Pro Glu Glu Val Asn Ser Val Glu Gly Asn 
20 25 30 

TCA GTC TCC ATC ACG TGC TAC TAC CCA CCC ACC TCT GTC AAC CGG CAC 260 
Ser Val Ser He Thr Cys lyr lyr Pro Pro Thr Ser Val Asn Arg His 
35 40 45 50 

ACC CGG AAG TAC TGG TGC CGG CAG GGA GCT AGA GGT GQC TGC ATA ACC 308 
Thr Arg Lys Tyr Tip Cys Arg Gin Gly Ala Arg Gly Gly Cys He Thr 
55 60 65 

CTC ATC ICC TCG GAG GGC TAC GTC TCC AGC AAA TAT GCA GGC AGG GCT 356 
Leu He Ser Ser Glu Gly Tyr Val Ser Ser Lys Tyr Ala Gly Arg Ala 
70 75 80 



AAC CIC ACC AAC TTC CCG GAG AAC GGC ACA TTC GTG GTG AAC ATT GCC 
Asn Leu Thr Asn Phe Pro Glu Asn Gly Thr Phe Val Val Asn He Ala 
85 90 95 



404 
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CAG CTG AGC CAG GAT GAC TCC GGG CGC TAG AAG TGT GGC CTG GGC ATC 452 
Gin Leu Ser Gin Asp Asp Ser Gly Arg Tyr Lys Cys Gly Leu Gly He 
100 105 110 

AAT AGC CGA GGC CTG TCC TTT GAT GTC AGC CTG GAG GTC AGC CAG GGT 500 
Asn Ser Arg Gly Leu Ser Phe Asp Val Ser Leu Glu Val Ser Gin Gly 
115 120 125 130 

CCT GGG CTC CTA AAT GAC ACT AAA GTC TAC ACA GTG GAC CTG GGC AGA 548 
Pro Gly Lei? Leu Asn Asp Thr Lys Val Tyr Thr Val Asp Leu Gly Arg 
135 140 145 

ACG GTG AOC ATC AAC TGC CCT TTC AAG ACT GAG AAT GCT CAA AAG AGG 596 
Thr Val Thr He Asn cys Pro Phe Lys Thr Glu Asn Ala Gin Lys Arg 
150 155 160 

AAG TCC TTG TAC AAG CAG ATA GGC CTG TAC CCT GTG CTG GTC ATC GAC 644 
Lys Ser Leu Tyr Lys Gin He Gly Leu lyr Pro Val Leu Val He Asp 
165 170 175 

TCC AGT GGT TAT GTG AAT CCC AAC TAT ACA GGA AGA ATA CGC CTT GAT 692 
Ser Ser Gly lyr Val Asn Pro Asn oyr Thr Gly Arg He Arg Leu Asp 
180 185 190 

ATT CAG GGT ACT GGC CAG TTA CTG TTC AGC GTT GTC ATC AAC CAA CTC 740 
He Gin Gly Thr Gly Gin Leu Leu Phe Ser Val Val He Asn Gin Leu 
195 200 205 210 

AGG CTC AGC GAT GCT GGG CAG TAT CTC TGC CAG GCT GGG GAT GAT TCC 788 
Arg Leu Ser Asp Ala Gly Gin Tyr Leu Cys Gin Ala Gly Asp Asp Ser 
215 220 225 

AAT AGT AAT AAG AAG AAT GCT GAC CTC CAA GTC CTA AAG CCC GAG CCC 836 
Asn Ser Asn Lys Lys Asn Ala Asp Leu Gin Val Leu Lys Pro Glu Pro 
230 235 240 
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GAG CTC GTT TAT GAA GAC CTG AGG GCX: TCA CHG ACC TTC (»C TOT GCX: 884 
Glu Leu val lyr Glu Asp Leu Arg Gly Ser Val Thr Phe His Cys Ala 
245 250 255 

CK3GGCCXrrGAGCnGGCAAACGTGQCCAAATITCTOlX3CCX3ACMAG^ 932 
Leu Gly Pro Glu val Ala Asn Val Ala Lys Phe Leu Cys Arg Gin Ser 
260 265 270 

AGT GGG GAA AAC TC3T GAC GTG GTC GTC AAC ACX: ere GGG AAG AGG GCC 980 
Ser Gly Glu Asn Cys Asp Val Val Val Asn Thr Leu Gly Lys Arg Ala 
275 280 285 290 

CCA GCC TIT GAG GQC AGG ATC CTG CTC AAC CCC CAG GAC AAG GAT GGC 1028 

Pro Ala Phe Glu Gly Arg lie Leu Leu Asn Pro Gin Asp Lys Asp Gly 
295 300 305 

1CA TTC AGT GTG GTG ATC ACA GGC CTG AGG AAG GAG GAT GCA GGG CGC 1076 
Ser Phe Ser Val Val He Thr Gly Leu Arg Lys Glu Asp Ala Gly Arg 
310 315 320 

TAC CTG TCT GGA GCC CAT TCG GAT GGT CAG CTG CAG GAA GGC TCG CCT 1124 
lyr Leu Cys Gly Ala His Ser Asp Gly Gin Leu Gin Glu Gly Ser Pro 
325 330 335 

ATC CAG GCC TCG CAA CTC TIC GTC AAT GAG GAG TCC ACG ATT CCC CGC 1172 

He Gin Ala Trp Gin Leu Phe Val Asn Glu Glu Ser Thr He Pro Arg 
340 345 350 

AGC CCC ACT GTC GTC AAG GGG GTG GCA GGA AQC TCT GTG GCC GTG CTC 1220 
Ser Pro Thr Val Val Lys Gly Val Ala Gly Ser Ser Val Ala Val Leu 
355 360 365 370 

TOC CCC TAC AAC CGT AAG GAA AGC AAA AGC ATC AAG TAC TGG TGT CTC 1268 
cys Pro Tyr Asn Arg Lys Glu Ser Lys Ser He Lys Tyr Trp Cys Leu 
375 380 385 
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TE3G GAA GGG CCC CAG AAT GGC CGC TQC CCC CTG CTG CTG GAC AGC GAG 1316 
Trp Glu Gly Ala Gin Asn Gly Arg Cys Pro Leu Leu Val Asp Ser Glu 
390 395 400 

GGG TOG GTT AAG QCC CAG TAG GAG GGC CGC CTC TCX: CTG CTG GAG GAG 1364 
Gly Trp Val Lys Ala Gin lyr Glu Gly Arg Leu Ser Leu Leu Glu Glu 
405 410 415 

CCA GGC AAC GGC ACC TTC ACT GTC ATC CTC AAC CAG CTC ACC AGC CGG 1412 
Pro Gly Asn Gly Thr Phe Thr Val lie Leu Asn Gin Leu Thr Ser Arg 
420 425 430 

GAC GCC GGC TTC TAC TGG TGT CTG AOC AAC GGC GAT ACT CTC TOG AGG 1460 
Asp Ala Gly Phe oyr Trp Cys Leu Thr Asn Gly Asp Ihr Leu Trp Arg 
435 440 445 450 

ACC ACC GTG GAG ATC AAG ATT ATC GAA GGA GAA CCA AAC CTC AAG GEA 1508 
Thr Thr Val Glu He Lys He He Glu Gly Glu Pro Asn Leu Lys Val 
455 460 465 

CCA GGG AAT GTC ACG GCT GTG CTG GGA GAG ACT CTC AAG GTC CCC TGT 1556 
Pro Gly Asn Val Thr Ala Val Leu Gly Glu Thr Leu Lys Val Pro Cys 
470 475 480 

CAC TTT CCA TGC AAA TIC TCC TCG TAC GAG AAA TAC TGG TGC AAG TGG 1604 
His Phe Pro Cys Lys Phe Ser Ser Tyr Glu Lys lyr Trp Cys Lys Trp 
485 490 495 

AAT AAC ACG GGC TGC CAG GCC CTG CCC AGC CAA GAC GAA GGC CCC AGC 1652 
Asn Asn Thr Gly Cys Gin Ala Leu Pro Ser Gin Asp Glu Gly Pro Ser 
500 505 510 

AAG GCC TTC GTG AAC TGT GAC GAG AAC AGC CGG dT GTC TCC CTG ACC 1700 
Lys Ala Phe Val Asn Cys Asp Glu Asn Ser Arg Leu Val Ser Leu Thr 
515 520 525 530 
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era AAC CTC CnX5 ACC AQG GOT C3AT GAG C3QC TOT TAC 
Leu Asn Leu Val Thr Arg Ala Asp Glu Gly Trp lyr Trp Cys Gly Val 
535 540 545 



1748 



AAG CAG GGC CAC TTC TAT GGA GAG ACT GCA OCX GTC TAT GTO GC^ GTT 
Lys Gin Gly His Phe Tyr Gly Glu Thr Ala Ala Val lyr Val Ala Val 
550 555 560 



1796 



GAA GAG AGG AAG GCA GCG GOG TCC CX3C GAT GTC AGC OTA GCG AAG GCA 
Glu Glu Arg Lys Ala Ala Gly Ser Arg Asp Val Ser Leu Ala Lys Ala 
565 570 575 



1844 



GAC GOT GOT CCT GAT GAG AAG GTG OTA GAG TOT GGT TTT CGG GAG ATT 
ASP Ala Ala Pro Asp Glu Lys Val Leu Asp Ser Gly Phe Arg Glu He 
580 585 590 



1892 



GAG AAC AAA GCC ATT CAG GAT CCC AGG CTT TTT GCA GAG GAA AAG GCG 
Glu Asn Lys Ala He Gin Asp Pro Arg Leu Phe Ala Glu Glu Lys Ala 
595 600 605 610 



1940 



GIG GCA GAT ACA AGA GAT CAA GCC GAT GOG AGC AGA OCA TOT GTG GAT 
Val Ala Asp Thr Arg Asp Gin Ala Asp Gly Ser Arg Ala Ser Val Asp 
615 620 625 



1988 



TCC GGC AGC TCT GAG GAA CAA GOT GGA AGC TCC AGA GCG CTG GTC TCC 
Ser Gly Ser Ser Glu Glu Gin Gly Gly Ser Ser Arg Ala Leu Val Ser 
630 635 640 



2036 



ACC Crc Crrc CCC CTC GGC CTG GTC CTG GCA GTG GGA GCC GTC GOT GTC 
Thr Leu Val Pro Leu Gly Leu Val Leu Ala Val Gly Ala Val Ala Val 
645 650 655 



2084 



GGG GTC GCC AGA GCC CGG CAC AGG AAG AAC GTC GAC CGA GTT TCA ATC 
Gly Val Ala Arg Ala Arg His Arg Lys Asn Val Asp Arg Val Ser He 
660 665 670 



2132 
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AGA AGC TAC AGG ACA GAC ATT AGC ATG TCA GAC TTC GAG AAC TCC AGG 2180 
Arg Ser T/r Arg Thr Asp He Ser Met Ser Asp Phe Glu Asn Ser Arg 
675 680 685 690 

GAA TTT GGA GCC AAT GAC AAC ATG QGA GOC TCT TCG ATC ACT CAG GAG 2228 
Glu Phe Gly Ala Asn Asp Asn Met Gly Ala Ser Ser He Thr Gin Glu 
695 700 705 

ACA TCC CTC GGA GGA AAA GAA GAG TTT GTT GCC ACC ACT GAG AGC ACC 2276 
Thr Ser Leu Gly Gly Lys Glu Glu Phe Val Ala Thr Thr Glu Ser Thr 
710 715 720 

ACA GAG ACC AAA GAA CCC AAG AAG GCA AAA AGG TCA TCC AAG GAG GAA 2324 
Thr Glu Thr Lys Glu Pro Lys Lys Ala Lys Arg Ser Ser Lys Glu Glu 
725 730 735 

GCC GAG ATG GCC TAC AAA GAC TIC CTG CTC CAG TCC AGC «X: GTG QC^ 2372 
Ala Glu Met Ala lyr Lys Asp Phe Leu Leu Gin Ser Ser Thr Val Ala 
740 745 750 

GCC GAG GCC CAG GAC GGC CCC CAG GAA GCC TAG 2405 
Ala Glu Ala Gin Asp Gly Pro Gin Glu Ala 
755 760 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUEJCE CHARACTERISTICS: 

(A) LEM5TH: 764 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 



Met Leu Leu Phe Val Leu Thr Cys Leu Leu Ala Val Phe Pro Ala He 
15 10 15 
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Ser Thr Lys Ser Pro He Phe Gly Pro Glu Glu Val Asn Ser Val Glu 
20 25 30 

Gly Asn Ser Val Ser He Thr Cys Tyr lyr Pro Pro •ttir Ser Val Asn 
35 40 45 

Arg His Thr Arg Lys Tyr Trp Cys Arg Gin Gly Ala Arg Gly Gly Cys 
50 55 60 

He Thr Leu He Ser Ser Glu Gly Tyr Val Ser Ser Lys Tyr Ala Gly 
65 70 75 80 

Arg Ala Asn Leu Thr Asn Phe Pro Glu Asn Gly Thr Phe Val Val Asn 
85 90 95 

He Ala Gin Leu Ser Gin Asp Asp Ser Gly Arg lyr Lys Cys Gly Leu 
100 105 110 

Gly He Asn Ser Arg Gly Leu Ser Phe Asp Val Ser Leu Glu Val Ser 
115 120 125 

Gin Gly Pro Gly Leu Leu Asn A5p Thr Lys Val Tyr Thr Val Asp Leu 
130 135 140 

Gly Arg Thr Val Thr He Asn cys Pro Phe Lys Thr Glu Asn Ala Gin 
145 150 155 160 

Lys Arg Lys Ser Leu lyr Lys Gin He Gly Leu Tyr Pro Val Leu Val 
165 170 175 



He Asp Ser Ser Gly lyr Val Asn Pro Asn lyr Thr Gly Arg He Arg 
180 185 190 



Leu Asp He Gin Gly Thr Gly Gin Leu Leu Phe Ser Val Val He Asn 
195 200 205 
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Gln Leu Arg Leu Ser Asp Ala Gly Gin oyr Leu cys Gin Ala Gly Asp 
210 215 220 

Asp Ser Asn Ser Asn Lys Lys Asn Ala Asp Leu Gin Val Leu Lys Pro 
225 230 235 240 

Glu Pro Glu Leu Val Tyr Glu Asp Leu Arg Gly Ser Val Thr Phe His 
245 250 255 

Cys Ala Leu Gly Pro Glu Val Ala Asn Val Ala Lys Phe Leu Cys Arg 
260 265 270 

Gin Ser Ser Gly Glu Asn Cys Asp Val Val Val Asn Thr Leu Gly Lys 
275 280 285 

Arg Ala Pro Ala Phe Glu Gly Arg He Leu Leu Asn Pro Gin Asp Lys 
290 295 300 

Asp Gly Ser Phe Ser Val Val He Thr Gly Leu Arg Lys Glu Asp Ala 
305 310 315 320 

Gly Arg oyr Leu cys Gly Ala His Ser Asp Gly Gin Leu Gin Glu Gly 
325 330 335 

Ser Pro He Gin Ala Trp Gin Leu Phe Val Asn Glu Glu Ser Thr He 
340 345 350 

Pro Arg Ser Pro Thr Val Val Lys Gly Val Ala Gly Ser Ser Val Ala 
355 360 365 



Val Leu Cys Pro lyr Asn Arg Lys Glu Ser Lys Ser He Lys lyr Trp 
370 375 380 



Cys Leu Trp Glu Gly Ala Gin Asn Gly Arg Cys Pro Leu Leu Val Asp 
385 390 395 400 
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Ser Glu Gly Trp Val Lys Ala Gin Tyr Glu Gly Arg Leu Ser Leu Leu 
405 410 415 

Glu Glu Pro Gly Asn Gly Thr Phe Hhr Val He Leu Asn Gin Leu Itor 
420 425 430 

ser Arg Asp Ala Gly Phe lyr Tip Qys Leu Thr Asn Gly Asp Thr Leu 
435 440 445 

Trp Arg Thr Thr Val Glu He Lys He He Glu Gly Glu Pro Asn leu 
450 455 460 

Lys val Pro Gly Asn Val Thr Ala Val Leu Gly Glu Thr Leu Lys Val 
465 470 475 480 

Pro Cys His Phe Pro Cys Lys Phe Ser Ser lyr Glu Lys Tyx Trp Cys 
485 490 495 

Lys Trp Asn Asn Thr Gly Cys Gin Ala Leu Pro Ser Gin Asp Glu Gly 
500 505 510 

Pro Ser Lys Ala Phe Val Asn Cys Asp Glu Asn Ser Arg Leu val Ser 
515 520 525 

Leu Thr Leu Asn Leu Val Thr Arg Ala Asp Glu Gly Trp lyr Trp Cys 
530 535 540 

Gly Val Lys Gin Gly His Phe lyr Gly Glu Thr Ala Ala val lyr Val 
545 550 555 560 



Ala Val Glu Glu Arg Lys Ala Ala Gly Ser Arg Asp Val Ser Leu Ala 
565 570 575 



Lys Ala Asp Ala Ala Pro Asp Glu Lys Val Leu Asp Ser Gly Phe Arg 
580 585 590 
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Glu lie Glu Asn Lys Ala He Gin Asp Pro Arg Leu Phe Ala Glu Glu 
595 600 605 

Lys Ala Val Ala Asp Thr Arg Asp Gin Ala Asp Gly Ser Arg Ala Ser 
610 615 620 

Val Asp Ser Gly Ser Ser Glu Glu Gin Gly Gly Ser Ser Arg Ala Leu 
625 630 635 640 

Val Ser Thr Leu Val Pro Leu Gly Leu Val Leu Ala Val Gly Ala Val 
645 650 655 

Ala Val Gly Val Ala Arg Ala Arg His Arg Lys Asn Val Asp Arg Val 
660 665 670 

Ser He Arg Ser lyr Arg Thr Asp He Ser Met Ser Asp Phe Glu Asn 
675 680 685 

Ser Arg Glu Phe Gly Ala Asn Asp Asn Met Gly Ala Ser Ser He Thr 
690 695 700 

Gin Glu Thr Ser Leu Gly Gly Lys Glu Glu Phe Val Ala Thr Thr Glu 
705 710 715 720 

Ser mir Thr Glu Thr Lys Glu Pro Lys Lys Ala Lys Arg Ser Ser Lys 
725 730 735 

Glu Glu Ala Glu Met Ala Tyr Lys Asp Phe Leu Leu Gin Ser Ser Thr 
740 745 750 

Val Ala Ala Glu Ala Gin Asp Gly Pro Gin Glu Ala 
755 760 

(2) INFORMATIOJ FOR SBQ ID NO; 3: 
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(i) SEQUENCE CHARACTERISTICS: 

<A) LENGTH: 2031 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOFOLOGVT: linear 

(ii) MOLECULE TYPE: other nucleic acid 

{A) DESCRIPTICN: /desc = "PCR-modif ied SBQ ID N0:1" 

(ix) FEATURE: 

(A) NAME/KEY: nat_peptide 

(B) LOCATION: 111. .2015 

(D) OTHER INPORMATICN: /products "transcript from SC DNA 
fragment 1" 

(ix) FEATURE: 

(A) NAME/KEY: misc_feature 

(B) LOCATION: 1. .33 

(D) OTHER INFORMATION: /product = "frcjm PCR with 5' primer 
1 (SEQ ID NO 5)" 

(ix) FEATURE: 

(A) NAME/KEY: misc_feature 

(B) LOCATION :conpl€fnent (1997.. 2031) 

(D) OTHER INFORMATION: /products -from PCR with 3' primer 
(SBQ ID NO 7)- 

(ix) FEATORE: 

(A) NAME/KEY: misc_feature 

(B) LOCATION:!. .2031 

(D) OTHER INF0RMATI<3»J: /product = "SC ENA fragment 1" 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
CGGTAGGCGT GTACGGTGGG AGGTCTATAT AGCAGAGCTC GTITAGTGAA CCGTCAGAAT 60 
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TAATTCAGAT CTQGTACCAC GCGTATCGAT AAGCTIGAAT TCCACCAGCA ATOCTCCTCT 120 

ICGIGCTCAC CTQCCTOCTC QCGCJICTTOC CAGOCATCTC CACGAAGAGT CCCATATTTG 180 

GICCCGAGGA OGTQAATAGT GTOGAAGGTA ACTCAGTGTC CATCACGTCC TACTMXCAC 240 

OCACCTCTGT CAAOCGOCaC ACCCGGAAGT ACTGGTGCrG GCAGGGAGCT ACSAGGTOQCT 300 

QCATAACCCT CATCTCCTCG GAC5C3QCTACG TCTCCAGCAA ATATGCAGGC AGGGCIAACC 360 

TCACCAACTT CCCX3GAGAAC GGCACATTCG TQGTGAACAT TOCCCAQCTG AGCCAGGATC 420 

AdCCQQQCG CTACAAGTCT GQOCTCQQCA TCAATAGCCX3 KSOCCIGICC TTTCATCTCA 480 

QOCTCGAQGT CAGCX»GGGT CCTOQGCTCC TAAATGACAC TAAAGTCTAC ACAGTOGACC 540 

TC3QGCAGAAC GC3TCACCATC AACTOCXXTT TCAA13ACTCA GAATC3CTCAA AAGAGGAAGT 600 

CCTTGTACAA GCAGATAGGC CTGTACCCTS TQCTQGTCAT CGACTCCAGT GGTTATGTOA 660 

ATCCCAACTA TACAGGAAGA ATACGCCTTG ATA1TCAGGG TACTOGCCAG TTACTCTTCA 720 

GCGTTGTCAT CAACXAACTC AGGCTCAGCG A-TOCTOGGCA GTATCTCTCC CAGGCTCGGG 780 

ATGATTCCAA TAGTOATAAG AAGAATGCTG ACCTCCAAGT GCTAAAGCCC GAGCOCGAGC 840 

TCGirrATCA AGACX:rrGAGG GGCTCAGTGA CXmCCACTG TQCCXTTOGQC CXTTCAGGTOG 900 

CAAACGTGGC CAAATTICTG TQCtXSACAGA GCAGTGQGGA AAACTGTCAC GTOGTCGTCA 960 

ACACCCTGGG GAAGAGGGCC CCAGCCTTTG AGGGCAGGAT CXnCCTCAAC CCCCAGGACA 1020 

AGGATGGCTC ATTCAGTGTG GTGATCACAG GCCTGAGGAA GGAGGATGCA GGGCQCTACC 1080 

TGTGTGGAGC CCATTCGGAT GGTCAGCTGC AGGAAGGCTC GCCTATCCAG GCCTGOCAAC 1140 
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TCTICGICAA TCAGGAGTCC ACGATTCCCC QCAGCCCC»C TSTGCSTGAAG GGGC3TGGCAG 1200 

GRAGCICTOT GGCCGTGCTC TGCCCCTACA ACCGTAAQGA AAGCAAAAGC ATCAAGTACT 1260 

GGIGTCTCTC GGAAGGQC3CC CAGAATGQCC GCTGCTCCCT QCTQGTQGAC AGCX3W3GGGT 1320 

GGOTTAAGGC CCAGTACX3AG GGCXXXXTCT CXXZTGCTQGA GGAGCCAGOC AACGGCACCT 1380 

TCACraiCAT CCTCAACX»G CTCACCAGCC GGGACGCCGG CITCTACK3G TGTCTGACCA 1440 

ACGGCGATAC TCTCTOGAGG ACCACCGTGG AGATCAAGAT TATCGAAGGA GAACCAAACC 1500 

TCAAQGTACC AGQGAATGTC ACGC3CTGTOC TQOGAGAGAC TCTCAAQGTC CCCTCTCACT 1560 

TTCCATCCAA A TTCTCCTOG TACGAGAAAT ACIGGTOCAA GTGGAATAAC ACGGGCTXC 1620 

AGGCCCTOCC CAOCCAAGAC GAAGQCCCCA GCAAOGCXrTT CGTGAACTOT GACGAGAACA 1680 

QCCGGCTTOT CICCCTGACC CTGAACCTGG TGACCAGQGC TGATGAGGGC TGGTACTQGT 1740 

GreCAGTCAA GCAGGGCCAC TTCTATOGAG AGACTGCAQC CGTCTATGTC QCAGITGAAG 1800 

AGAGGAAGGC AGCGGGGTCC CGCGATGfTCA GCCTAGCGAA QQCAGACGCT GCTCCTGATG I860 

AGAAGGTCCT AGACTCTGGT TTTCGGGAGA TTGAGAACAA AGCCATTCAG GATCCCAGGC 1920 

TITrroCAGA GGAAAAGQCG GTQGCAGATA CAAGAGATCA AGCCGATGGG AGCAGAGCAT 1980 

CTGTCGATrc CGGCAGCTCT GAQGAACAAG GTGGATGATC TAGAGCGCTG G 2031 
(2) INFORMATIOJ FOR SBQ ID NO: 4: 

(i) SEQUiNCE CHAEUVCTERISTICS : 

(A) LEMJTH: 1936 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEENESS: single 
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(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTICN: /desc = "PCR-irKxiif ied SEQ ID N0:1- 

(ix) FEATURE: 

(A) NAME/KEY: mat_peptide 

(B) LOCATION: 16.. 1920 

(D) OTHER INFORMATION: /product = "transcript from SC ENA 
fragment 2" 

(ix) FEATURE: 

(A) NAME/KEY: ndsc_£eature 

(B) LOCATION: 1.. 46 

(D) OTOER INFORMATION: /products "frcm PCR with 5' primer 
2 (SEQ ID NO 6) - 

(ix) FEATURE: 

(A) NAME/KEY: misc^feature 

(B) LOCATION :ccxtplanent (1902.. 1936) 

(D) OnHER INPOTMATIQN: /products "from PCR with 3' primer 
(SEQ ID NO 7)- 

(ix) FEATURE: 

(A) NAME/KEY: misc_feature 

(B) LOCATION: 1.. 1936 

(D) OTHER INFORMATION: /products "SC ENA fragment 2" 
(xi) SEQUENCE DESCRIPTICN: SEQ ID NO: 4: 
GGGAAGCTTO CCACCATXSGT QCTCTTCGTG CTCACCTGCC TGCTQGCGGT CTTCCCAGCC 60 
ATCTCCACGA AGAGTCCCAT ATTTOGTCCC GAGGAGGTGA ATAGTGTGGA AGGTAACTCA 120 



GTGTCCATCA CGTGCTACTA CCCACCCACC TCICTCAACC GGCACACCCG GAAGTACTOG 
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TOCCGGCAGG GAGCTAGAGG TGGCTQCATA ACCCTCATCT CCTCGGAGGG CTACGTCTCC 240 

AGCAAATATC CAGGCAGGQC TAACCTCACC AACTTCCCGG AGAACGQCAC ATrCGTGGTC 300 . 

AACATTOCCC AGCTGAGCCA GGATGACTCC GGGCX3CTACA AGTGTGQOCT GGGCATCAAT 360 

AGCCGAQGCC TGTCCTTTGA TCTCAGCCTG GAGGTCAGCC AGGGTCCTQG GCTCCTAAAT 420 

GACACTAAAG TCTACACAGT GGACCTGGGC AGAACX3GTGA CXATCAACTG CCCTTTCAAG 480 

ACTCAGAATC CTCAAAAGAG GAAGTCCTIG TACAAGCAGA TAGQCX^IGTA CCCTGTGCTC 540 

GTCATCGACT CCAGTQGTTA TGTGAATCCC AACTATACAG GAAGAATACG CCTTCATATT 600 

CAGGGTACTC GCCAGITACT GTICAGCGTT GTCATCAACC AACTCAGGCT CAGCGATQCT 660 

GQGCAGTATC TCTGCCAGGC TGGGGATGAT TCCAATAGTA ATAAGAAGAA TGCTGACCTC 720 

CAAGTGCTAA AGCCCGAGCC CGAGCTQGTT TATGAAGACC TGAGGGGCTC AGTGACCTTC 780 
CACTCTX3CCC TCGQCCCTGA GGTGQCAAAC GTQGCCAAAT TTCTGTGCCG ACAGAGCAGT 840 
GGGGAAAACT GTGACGTGGT CGTCAACACC CTGGGGAAGA GGGCCCCAGC CrTTGAGGGC 900 
AGGATCCTCC TCAACCCCCA GGACAAGGAT GGCTCATrCA GTGTGGTGAT CACAGGCCTG 960 

AGGAAGGAGG ATGCAGGGCG CTACCTGTGT GGAGCCCATT CGGATGGTCA GCTGCAGGAA 1020 

GGCICGCCTA TCCAGGCCTG GCAACTCTTC GTCAATGAGG AGTCCACGAT TCCCCGCAGC 1080 

CCCACTCTCG TCAAGGGQGT GGCAGGAAGC TCTGTGGCCG TCCTCTGCCC CTACAACCGT 1140 

AAGGAAAQCA AAAGCATCAA GTACTGGTGT CTCTCGGAAG GGGCCCAGAA TGGCCQCTGC 1200 

CCCCTGCTCG TCGACAGCGA GGGGTGGGTT AAGGCCCAGT ACGAGGGCCX3 CCTCTCCCTG 1260 
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CTQGAGGAQC CAGGCAACC3G CACCTICACT GTCATCCTCA ACCAGCTCAC CAGCCGC3GAC 1320 

GCCQGCITCT ACTOGTCTCT GAOCAACGGC GATACTCTCT GGAGGACCAC CGTOGAGATC 1380 

AAGATTATCG AAQGAGAACC AAACCTCAAG CTACCAGQGA ATOTCACQGC TCTOCTOOGA 1440 

GAGACTCTCA AGffTCCCCIG TCACTITCCA TQCAAATTCT CCTCC3TACGA GAAATACTCG 1500 

TGCAAGTGGA ATAACACGGG CTQCCAGQCC CTQCCCAGCC AAGACGAAGG CXTCCAQCAAG 1560 

GCXMTCGTGA ACTCTGACGA GAACAGCCGG OTrGTCTCCC TGACCCTCAA CX^TOGTCIACC 1620 

AGGQCTCATC AOGOCTGGTA CTQGTGTGGA GTGAAQCAGG GCX»CnCPA TCGAGAGACT 1680 

GCAGCCGTCT ATGTQGCAGT TCAAGAGAGG AAGC3CAGCGG GGTCCCOCGA •TOTCAGCCTA 1740 

GCGAAGGCAG ACGCTCCTCC TCATCAGAAG GTOCTAGACT CTOGTITICG GGAGATTOAG 1800 

AACAAAGCCA TTCAGGATCC CAGGCTmT GCAGAGGAAA AGGCGGTGGC AGATACAAGA 1860 

GATCAAGCCG ATGOGAGCAG AGCATCTGTG GATTCCGGCA GCTCTCAGGA ACAAGGK3GA 1920 

TGATCTAGAG CQCTGG jgjg 
(2) INPORMATIOJ FOR SBQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEENESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic PCR primer" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
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CGGTAGGCGT GTACGGTCGG AGGTCTATAT AGC 33 
(2) INFDRMATiaa FOR SBQ ID NO: 6: 

(i) SEQUEhJCE CHARACTERISTICS: 

(A) LENGTH: 46 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic PGR primer" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

GGGAAAGCTT CCACCATGGT GCTCTTCGTG . CTCACCTGCC TGCTGG 46 

(2) INFORMATION FOR SBQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 38 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic PCR primer" 

(xi) SEQUENCE DESCRIPTION: SBQ ID NO: 7: 



CCAGCGCTCT AGATCATCCA CCTTGTTGTT CCTCAGAG 
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1 . Recombinant secretory component (rSC) or a functional fragment thereof, obtainable by 
a process comprising culturing a CHO SSF 3 cell transfected w,th a vector comprising a 
DNA coding for said secretory component or a fragment thereof, and isolating the 
expressed protein from the culture medium. 

2. Secretory component according to daim 1 having a content of N-glycolylneuraminIc add 
that Is below 0.5% in respect to total sialic add. 

3. Process for the production of a secretory component or a fundional fragment thereof 
according to claim 1 comprising 

a) constnicting a vector capable of expressing the secretory component or a functional 
fragment thereof; 

b) transfecting a CHO SSF 3 cell with said vecton 

c) culturing the transfected cells; and 

d) isolating the secretory component or a fragment thereof from the culture medium. 

4. Process according to claim 3. wherein the vector is capable of expressing a soluble 
fragment of the secretory component. 

5. Process according to claim 3. wherein the vector comprises a functional fragment of the 
secretory component as depicted in SEQ ID NO 3 or SEQ ID NO 4. 

6. Process according to claim 3. wherein the vector is a mammalian cell expression vector. 

7. Process according to daim 3. wherein the vedor Is based on pCB6 or pCGA930- 
PPREN. 

8. Process according to daim 3. wherein the vedor is pCB6-SC. pMC-SC or pCGA93D- 

SC. 

9. Process according to daim 3. wherein the vedor integrates into the chromosome of the 
CHO SSF 3 cells. 

1 0. Process according to daim 9. wherein transfeded CHO SSF 3 cells with amplified 
integrated vector DNA are seleded. 
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1 1 . Process according to claim 3, wherein the cells are cultured in serum-free medium. 

12. Process according to daim 3, wherein Pluronic® is added to the culture medium to 
Increase productivity. 

13. Method for the crystallization of a secretory component or a functional fragment thereof 
according to claim 1, comprising placing a solution of said secretory component or a 
functional fragment thereof in a vessel containing a precipitating agent buffer, wherein 
the solution and the buffer are separated. 

14. Method according to daim 13, wherein the solution of said secretory component or the 
functional fragment thereof contains precipitating agent buffer. 

15. Method according to claim 13. wherein the precipitating agent buffer comprises Na- 
citrate. HEPES. NaNa. ammonium phosphate and/or IJ2SO4. 

16. Method according to claim 13. wherein the precipitating agent buffer comprises Na- 
citrate, NaNa and ammonium phosphate; or HEPES, NaNa and Li2S04. 

1 7. Method according to claim 1 3. wherein said secretory component or the functional 
fragment thereof is placed in a hanging manner over the precipitating agent buffer. 

18. Use of rSC according to claim 1 in a method of treatment. 

19. Use of the crystallized rSC according to daim 1 for the determination of the 3- 
dimensional stnjcture. 

20. Use of rSC according to claim 1 for binding studies. 

21 . Use of rSC according to claim 1 in the screening of compounds for their ability to 
influence poly-lg binding. 

22. Use of rSC according to claim 1 for the identification of antagonists or agonists of the 
SC mediated IgA transport. 
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23. A modified rSC according to claim 1 that is immobilized on a solid carrier or that bears 
one or more identifiable maker like blotin or a radioactive, fluorescent or 
chemoluminescent group. 

24. Use of an antagonist or agonist Identified using rSC according to daim 1 , in a method of 
treatment. 

25. Use of an antagonist or agonist identified using the 3-dimensional stojcture according to 
claim 19, in a method of treatment. 
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